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(54) CnOCOB cDEflOPOBA J1.E 3AL14MTbl METAJIJIOB OT OKMCJIEHMfl 

(57) PecjDepaT: 

Cnocoo" 3aL4HTbi MeTannoB, Hanpniviep 

l4HpKOHl/m, OT OKMCJieHUfl M0>KeT 6"blTb 

Mcnorib30BaH bo Bcex OTpacnax 
MaLUHHOCTpoeHMjq, B tm. £[nn aau^MTbi o6onoHeK 
TennoBbifleji^JOLLJ.nx oneivieHTOB aflepHbix 
peaKTopoB. l/l3Aenne H3 MeTanna oxna>KflaK)T 

>KMAKMM a30TOM. riOBepXHOCTb M3AeJlMf1 

nocneAOBaTeribHO nponnaBnflioT no y-iacTKaM 
nyMOM na3epa. B 30Hy nponnaBnei-ii/m noAaioT 
ciwecb >KMAKoro a30Ta n aproHa v\ nonynaioT Ha 
noBepxHOCTM n3AeriMfl nneHKy HMTpnAa 
MeTanna. PaBHOMepHOCTb v\ ToninHHy noKpbiTna 
KOHTponnpyjoT. 3 3.n. 4)-nbi ; 2 wn. 
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(54) METAL OXIDATION PROTECTION METHOD 

(57) Abstract: 

FIELD: corrosion protection. SUBSTANCE: 
method of protecting metals, e. g. 
zirconium, against oxidation may find use in 
all mechanical engineering branches, 
including protection of fuel element cans in 
nuclear reactors. Metal part is cooled by 
liquid nitrogen and surface of part is 
consecutively site-by-site melted by laser 
beam. Into melting zone, mixture of liquid 
nitrogen and argon is fed to form metal 
nitride film on the part surface, regularity 
and thickness of coating being controlled. 
EFFECT: improved procedure. 4 cl, 2 dwg 
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ripeAnaraeMoe H3o6peTeHne othocmtca k 

TSXHOnorMM 0O3flaHMfl 3aLHHTHblX nOKpblTMM 

noBepxHOCTH MeTannnnecKnx w3p,enw\A, 
Hanpniviep H3 cnnaBa u,npKOHna (Zr), n MO>KeT 
6biTb npuMeHeHO, Hanpniwep, b aTOMHofi 
npoMbiiuneHHOCTH Ana oGonoMeK 
TennoBbiflennHDLLJ.nx sneMeHTOB aAepHbix 
peaKTopoB. 

M3BecTeH cnocoo" sau^MTbi TyronnaBKHx 
MeTannoB ot OKMcneHwa, BKJifOHafOLUMM 
cjoopMnpoBaHne 3aii4MTHOM TpexcnoMHOM nnaBKH 

COOTBeTCTBeHHO H3 CHJlUL^Mfla MOJIM^fleHa 

(Mo 5Si 3 ), L4MpKOHa (Zr0 2 -Si0 2 ) v\ fluoKCMfla 
i4npKOHMfl c floSaBKaMU 3 2 0 3 , r,qe 3 - y , La, 
Se [1]. 

3tot cnocoS TexHonornnecKH cno>KeH n He 
o6ecneHMBaeT npoHHoro ci^enneHMa 
ccjDopMnpoBaHHOM nneHKM c noBepxHOCTbto 
o6onoHeK, HanpuMep M3 lihpkohms (Zr). 

Hai/i6onee 6jih3kmm aHanoroM-npoTOTunoM 
aBnaeTca cnocoo" noBepxHOCTHofi 3ai_i4HTbi 

MGTanJll/IHeCKMX H3AeJ~IHM, B HaCTHOCTM M3 

i^upKOHMfl h ero cnnaBOB [2], BKJiioHaioLJ^MM 
TennoBoe B03AeficTBi/ie Ha o6pa6aTbiBaeivioe 
M3AeJine h cj^opMnpoBaHne Ha ero noBepxHOCTH 

3aLI^HTHOrO nOKpblTMa C|DW3HKO-XHMMHeCKHM 

B3anMOAetiGTBneivi MeTanna M3Aenna v\ cpeflbi, b 
kotopom M3Aejine o6pa6aTbiBafOT. 

flaHHbiM cnoco6 TaioKe TexHonornnecKH 
cnoxeH m He o6~ecneHMBaeT npoHHoro 
ci^enneHHa HaHeceHHoro noKpbiTna c 
noBepxHOCTbio 3aLL^nu^aeMoro H3Aenna, 
HanpuMep H3 l^upkohhe. 

CymHOCTb npeAnaraeivioro H3o6peTeHna 

COCTOMT B TOM, HTO B CnOCOO"e 3ai_L4HTbl 

MeTannoB ot OKHcneHwa, BKnhonafomeM 
TennoBoe B03fleticTBMe Ha o6pa6aTbiBaeMoe 
M3Aejine us MeTanna n cjDopMwpoBaHwe 
3aLi^MTHoro noKpbiTna Ha noBepxHOCTH n3Aenna 
0H3MKO-XMMMHecKMM B3anMOAeMCTBneM cpeAbi, 
b kotopom M3Aenne o6pa6aTbiBaraT, n MeTanna 
M3Aennfl, n3Aenne oxna>KflaK)T kmakmm a30TOM, 
a Ana cpopMnpoBaHna noKpbiTus 
nocneAOBaTenbHO nponnaBnaioT Bee ynacTKM 
noBepxHOCTM usAenns, HanpuMep nynoM 
na3epa, b 30Hy nponnaBneHkia noAaHDT CMecb 
>KMAKoro a30Ta n WHepTHoro ra3a h b 
pe3ynbTaTe B3ai/iMOAeficTBna a30Ta n MeTanna 
Ha noBepxHOCTn n3Aenna co3AaKDT b 30He 
nponnaBneHwa nneHKy HMTpnAa 3Toro MeTanna, 
nonynaa 3au^MTHoe noKpbiTue Ha Bcefi 
noBepxHOCTH H3Aenna, npn stom KOHTponnpyfOT 
paBHOMepHOCTb h TonmnHy nonynaeMoro 

nOKpblTMJR. 

I~lpi/i 3tom noBepxHOCTb oxna>KAafOT ao 
Hanana B03AeficTBna nyna na3epa m 
npoAonxatoT oxna>KfleHi/ie BnnoTb p,o 
npeKpameHna ero B03AetfcTBna, B03AewcTBne 
nynoM na3epa noBTopafOT ao nonyneHi/m 
paBHOMepHoro noKpbiTMa 3aAaHHofi Tonu^nHbi, 
3aLi^MLnaKJT M3Aenne H3 cnnaBa i^i/ipKOHi/m, a b 
KanecTBe HHepTHoro ra3a npMMeHJifOT aproH. 

ripeAno>KeHHbiM cnoco6 o6ecnennBaeT 
B03MO>KHOCTb 00"pa30BaHlXia Ha noBepxHOCTM 

MeTannnnecKnx \z\3£[er\v\\A, HanpuMep M3 
i4npKOHM?i m ero cnnaBOB, npoHHoro 
paBHOMepHoro noKpbiTMfl 3aAaHHoCi TonmnHbi, 
o6naAaHDLAero bwcokum aAre3MBHbiM 
B3anMOAei?icTBneM c 3ainnLnaeMoR 

noBepxHOCTbto, a KpoMe Toro, He HapyiuaK)LL\ero 
0yHKi4MOHanbHbix xapaKTepucTHK 3aLAHL^aeMbix 
M3Aennw, HanpuMep, Tpe6yeMbix xapaKTepucTMK 
nponycKaHna HeMTpoHOB b TennoBbiAenflKJinnx 
sneMeHTax ^AepHbix peaKTopoB. 

flpuMep peann3ai4MM npeAno>KeHHoro 



cnoco6a 3au4MTbi MeTannoB ot OKHcneHMJR 
wnnfocTpupyeT c|DMr. 1, Ha kotopom noKa3aHa 
cxeMa ycTpowcTBa aha ocyLnecTBneHMiq AaHHoro 
cnoco6a, n cjDnr.2, Ha kotopom npuBeAeHa 
cjDOTorpacjDna cpe3a noBepxHOCTH Tpy6bi M3 

5 cnnaBa "l^pkohum 1", 3au^MLi4eHHoi?i oGonoHKOw, 
nonyneHHoCi npn L^icnonb30BaHnn 

npeAno>KeHHoro cnoco6a. 

ycTpoMCTBO Ana ocy^ecTBneHMfl 
npeAno>KeHHoro cnocoGa 3aLL\MTbi MeTannoB 

10 coAep>KHT MexaHM3M 1, BbinonHeHHbiM b BMAe, 
HanpMMep, cynnopTa c sneKTponpuBOAOM (Ha 
nepTe>Ke He noKa3aH) n oSecneHUBatoLUMM 
perynnpyeMoe BpamaTenbHO-nocTynaTenbHoe 
ABM>KeHne o6pa6aTbiBaeMoro M3Aenn?i 2 b 
BbinonHeHHoPi b bhas MeTannnnecKoro KO>Kyxa 

/5 3aii4HTHOM KaMepe 3, b kotopom npon3BOA^T 
o6pa6oTKy M3Aenna 2, noABOA^mMe nepe3 
cneL^nanbHbie OTBepcTna b KO>Kyxe 3aLL^HTHOM 
KaMepbi 3 (Ha nepTewe He o6o3HaneHbi) b 30Hy 4 
o6pa6oTKM aproH n >khakmw a30T TpySonpoBOAbi 
5 m 6 COOTBeTCTBeHHO, a TaioKe na3ep 7, 

20 npeAHasHaneHHbiM Ana co3AaHna 

BbicoKO-SHepreTunecKoro TennoBoro nyna, 
noAaBaeMoro b soHy 4 o6pa6oTKM nepe3 Apyroe 
cnei4nanbHoe OTBepcTue (Ha HepTeKe He 
o6o3HaHeHo). KpoMe Toro, ycTpoMCTBO 
coAep>KHT KOHTaKTHbiM 6aujMaK 8, 

25 ycTaHOBneHHbiPi b KaMepe 3 n cny>Kau4MM 
onopoPi Ana o6pa6aTbiBaeMoro M3Aenna 2 m 
TennooTBOAOM, n TennoM3onai4MOHHbiM KO>Kyx 9. 
BbiBOA 10 b KaMepe 3 npeAHa3HaneH Ana cnuBa 
>KHAKoro a30Ta. KpoMe Toro, b cocTaB 

3Q ycTpoPicTBa bxoaut MUKpocKon 1 1 , 
npeAHasHaneHHbiM Ana KOHTpona Tonu4HHbi n 

paBHOMepHOCTH Cf)OpMMpOBaHMa 3ail^MTHOrO 

noKpbiTna. 

Yctpomctbo pa6oTaeT cneAyjomuM o6pa30M. 
l~loAne>KaLiJ l ee o6pa6oTKe M3Aenne 2, 

35 HanpuMep Tpy6Ka H3 cnnaBa "14HPKOHHM 1", 
saKpennafOT Ha A©P>KaBKe (Ha nepTe>Ke He 
o6o3HaneHa) MexaHH3Ma 1 m BBOAaT b 
3amnTHyK) KaMepy 3. Hepe3 Tpy6onpoBOA 6 b 
KaMepy 3 noAahOT >kmakhm a30T (TeMnepaTypoM 
-196°C), oxna>KAafOLAnfi Hapy>KHyfo, a Ana 

40 6onee nonHoro oxna>KAeHna m BHyTpeHHKDio 
noBepxHOCTH M3Aenna 2. no Tpy6onpoBOAy 5 
noAaHDT aproH, KOTopbiM 3a MecTOM coeAMHeHna 
Tpy6onpoBOAa 5 c Tpy6onpoBOAOM 6 

CMeLJJMBafOT C >KMAKHM aSOTOM, HT06bl B 3QHy 4 

45 o6pa6oTKM nocTynana CMecb aproHa c >kmakmm 

a30TOM. CoOTHOLLieHMe KOMnOHeHTOB 3TOM 

CMecu BbiGnpaiOT paBHbiM (10-50)% aproHa m 
COOTBeTCTBeHHO (50-90)% a30Ta. 

3aTeM nynoM na3epa 7 npow3BOAaT 
nponnaBneHne cnoa noBepxHOCTM 

5Q o6pa6aTbiBaeMoro M3Aenna. ripn stom c 
pacnnaBneHHbiM cnoeM MeTanna 

B3a n m OAe v\ ct By eT HaxoAau^nMca b 30He 4 
o6pa6oTKM asoT, KOTopufi o6pa3yeT hutp^a 
i4npKOHna (ZrN), co3AafOLUnfi Ha 
o6pa6aTbiBaeMoPi noBepxHOCTM b aTMOccfrepe 

55 aproHa npoHHyfo 3au^nTHyK) nneHKy. JlynoM 
na3epa 7 npon3BOAaT CKaHnpoBaHne 
3aLHMLi\aeMOM noBepxHOCTH n3Aenna 2, Ana nero 
3TO M3Aenne c noMOLAbfo MexaHM3Ma 1 BpamaraT 
\a nepeMematoT. 

TonLi^MHa 3au^MTHOM nneHKH 3aBi/icMT ot 

60 rny6nHbi nponnaBneHna, KOTopyto o6bMHO 
Bbi6npafOT paBHOM 5-15 mk, no3TOMy Ana 
nonyneHMa 3ai_i4MTHOM nneHKM TpebyeMOM 
TonLAMHbi wnn yBennHMBatOT BpeM5R B03AeMCTBi/m 
nyna na3epa 7, unM noBTopaioT CKaHnpoBaHne 
3tmm nynoM o6pa6aTbiBaeMOki noBepxHOCTM. 
PaccMOTpeHne npuBeAeHHOM Ha dpwr.2 



cjooTorpacjDMH cpe3a noBepxHOCTM, 3amnLneHHOM 
nonyneHHOM yKa3am-ibiM cnocoooM, noKa3biBaeT, 
hto MUKpocTpyKTypa 3aLHHTHoCi nneHKM (ZrN) 
cyu^ecTBeHHO Menbne m h KpocT py KTy p bi 
MaTepnana 3amnmaeMoro \A3p,en\An n b to >Ke 
Bpeivifl 3tb nneHKa BHeflpeHa b MaTepwan, hto 
CBMfleTeribCTByeT n o npoHHOCTH 3aLHMTHoCi 
nneHKH, v\ o BbicoKofi aflre3MOHHOCTH ee 
coeAHHei-ii/m c 3au4nu4aeMbiM M3flenMeM. 

cDopwiyna i/i3o6peTeHi/ifl: 

1. CnocoS OeflopoBa Jl.E. 3au4MTbi MeTannoB 
ot OKMcneHM^, BHJifOHafoinMM TennoBoe 
B03AeMCTBne Ha o6pa6aTbiBaeMoe M3Aenne M3 
MeTanna n cjDopMnpoBaHne samnTHoro 
noKpbiTus Ha noBepxHOCTH H3flenna 

CjDH3MKO-XMMMHeCKMM B3aHMOfleMCTBHeM CpeAbl, 

b kotopom M3Aenwe o6pa6aTbiBaK3T, n MeTanna 
M3Aennfl, OTnuHaraLi^MMCfl TeM, hto H3Aenne 
oxna>KAaK)T >khaki/im a30TOM, a Ana 
QbopMnpoBaHna noKpbiTMfl nocneAOBaTenbHO 
nponnaBnaioT Bee ynacTKi/i noBepxHOCTH 



M3Aenna, HanpuMep, nynoM nasepa, b 30Hy 
nponnaBneHM^ noAaioT CMecb >KHAKoro a30Ta 1/1 
HHepTHoro ra3a m b pe3ynbTaTe 
B3anMOAewcTBHfi a30Ta n MeTanna Ha 
noBepxHOCTH H3Aennfl co3AanDT b 30He 
5 nponnaBneHUfl nneHKy HMTpnAa SToro MeTanna, 
nonynaa 3amMTHoe noKpbiTue Ha BcePi 
noBepxHOCTH H3Aennfl, npw stom KOHTponnpyioT 
paBHOMepHOCTb m TonLU,HHy nonynaeMoro 

nOKpblTMfl. 

m 2. Cnocoo" no n.1, OTnunaroLHHMCfl TeM, hto 

noBepxHOCTb oxna>KAafOT ao Hanana 
B03AeMCTBHjq nyna na3epa m npoAonwafOT 
oxna>KAeHne BnnoTb ao npeKpameHMfl 

B03AeMCTBH?1. 

3. Cnocoo" no n.1 i/inn 2, OTnnnaK)LHHMCfl TeM, 
75 hto B03AeMCTBne nynoM na3epa noBTopaK)T ao 

nonyneHna paBHOMepHoro noKpbiTun 3aAaHHoti 

TOnLI^MHbl. 

4. Cnocoo" no n.3, OTnMHaroLAMMCfl TeM, hto 
3au4nu4aK)T M3Aenne H3 cnnaBa l^pkohha, a b 
KanecTBe MHepTHoro ra3a npnMei-mKyr aproH. 
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